We study the polarization efficiency (defined as ratio of polarization to extinction) of stars background to a small, nearly spherical and isolated Bok globule CB4 to understand the grain alignment process. A decrease in polarization efficiency with increase in visual extinction is noticed. This suggests that the observed polarization in lines of sight which intercept a Bok globule tends to show dominance of dust grains in the outer layers of the globule.
INTRODUCTION
Linear polarization measurement of stars background to interstellar cloud has been used to study the large scale structure of the interstellar magnetic field (Heiles (2000) ; Fosalba et al. (2002) ; Bertrang et al. (2014) ).
The efficiency with which polarization is produced by dust grains is sensitive to physical conditions of the cloud, with a tendency to drop systematically with increasing extinction or optical depth inside interstellar clouds (Goodman et al. (1995) ; Gerakines et al. (1995) ; Whittet et al. (2008) ; Chakraborty et al. (2014) ).
This observation suggests that the observed polarization in a particular direction or line of sight which intercept a dark cloud show dominance of dust grains in the outer layers of the cloud. However background stars observed through dense region of the cloud show smaller degree of polarization which suggests much lower dust columns in the observed lines of sight. This also suggests that the polarization studies of background stars in a cloud can well explain the external magnetic field, but it can not provide information on magnetic field structure within the cloud (Whittet (2005) ).
To model the observed variation in polarization with extinction along different lines of sight, Jones (1989) and Jones et al. (1992) studied this in terms of a magnetic field with distinct random and uniform increase in extinction (Tamura et al. (1987) ; Goodman et al. (1992) ; Gerakines et al. (1995) ; Whittet et al. (2008) ; Chakraborty et al. (2014) ). This can be represented by a power law p/A V ∝ A −α V for some power law index α. From the study of dust grain alignment in Taurus dark cloud, Gerakines et al. (1995) found a strong correlation between polarization efficiency and extinction, which was fitted by power law p/A V ∝ A −0.56 V , in the magnitude region (0 ≤ A V ≤ 25). Whittet et al. (2008) also studied the polarization efficiency toward molecular clouds with an aim to understand grain alignment mechanisms in dense regions of the interstellar medium and found an empirical relation:
−0.52 (where τ λ is the optical depth). They did not find any significant change in the behavior in the transition region between the diffuse outer layers and dense inner regions of clouds. Recently, Chakraborty et al. (2014) studied the polarization efficiencies in three selected Bok globules CB56, CB60 and CB69. They found a trend of decreasing polarization efficiency with increasing extinction which can be well represented by a power law,
V , where α = −0.56 ± 0.36, −0.59 ± 0.51 and −0.52 ± 0.49 for CB56, CB60 and CB69, respectively. To study the alignment of grains, radiative torque mechanism has been used by researchers to calculate the expected relationship between polarization efficiency and extinction through a homogeneous cloud (Dolginov & Mytrophanov (1976) ; Draine & Weingartner (1996) ; Draine & Weingartner (1997) ; Lazarian & Hoang, (2007) ; Whittet et al. (2008) ; Hoang & Lazarian (2014) ). Hoang & Lazarian (2014) studied grain alignment by radiative torques for various environment conditions, including interstellar medium, dense molecular clouds and accretion discs.
The determination of distance to an interstellar cloud help researchers to obtain luminosities of the protostars embedded in the clouds (Yun & Clemens (1990) ) and to estimate the sizes, masses and densities of the cloud (Clemens et al. (1991) ). Several methods have been adopted to estimate the distance to cloud. These are Wolf diagrams method (Wolf (1923) ), star counts method (Bok & Bok (1941) ), spectroscopic method (Hobbs et al. (1986); Hearty et al. (2000) ), photometric method (Snell (1981) ; Peterson & Clemens (1998) ; Maheswar & Bhatt (2006) ; Maheswar et al. (2004) ; Maheswar et al. (2010) ) etc. Maheswar & Bhatt (2006) determined the distances to nine dark globules by a method which uses optical and near-infrared photometry of stars projected towards the field containing the globules. Recently, Eswaraiah et al. (2014) determined the distance to starless dark cloud LDN 1570 using near-IR photometry from 2MASS.
In this work, we plan to study the polarization efficiency of field stars background to the isolated Bok globule CB4. We also determined the distance to the cloud CB4 using a technique developed by Maheswar et al. (2010) which uses JHK near-infrared photometry.
OBJECT

CB4 cloud
CB4 is a small, nearly spherical and isolated Bok globule situated at a distance of 600 parsec (Dickman & Clemens (1983) ). Though Wood et al. (1994) assumed a distance of 200pc to Cas A dark cloud in this region of the sky, but the estimation of distance done by Dame et al. (1987) for CB4 cloud (∼ 800pc) is more close to the distance derived by Dickman & Clemens (1983) . CB4 cloud is situated far away from the galactic plane (b ≈ −10
• ). The angular size of this cloud on the POSS maps is 2 ′ × 1 ′ and the position edge of the cloud which is detected at 100µm only (Clemens & Barvainis (1988) ). No further evidence of an embedded source has been observed up to 160µm. CB4 has been spectroscopically studied in CO and its isotopes (Dickman & Clemens (1983) , Clemens et al. (1991) (Clemens et al. (1991) , Kane et al. (1994) and Turner et al. (1997) ).
DATA
Polarimetric data
The polarimetric data of 80 field stars of CB4 cloud at V-band has been taken from Kane et al. (1995) .
Four fields were initially observed by them to cover a region of ∼ 8 ′ × 8 ′ surrounding CB4 cloud. Two other fields were also observed again with a slightly larger pixel size and using longer integrations. The histogram of polarization position angles (PA) of 80 field stars displayed a strong peak around mean PA
65
• with a dispersion of 13
• . This position angle represents the preferred magnetic field direction and the narrow width of the peak indicates a larger uniform field. The unweighted mean polarization and weighted mean polarization were calculated by Kane et al. to be (2.84±0.25)% and (0.96±0.07)% which indicate a large uniform magnetic field.
Photometric data
The near IR photometric data (J, H and K S ) of the field stars of CB4 has been taken from the 2MASS
All-Sky Catalog of Point Sources (Cutri et al. (2003) ) which satisfies the following criteria:
1. photometric uncertainty σ J , σ H , σ KS ≤ 0.035 in all three filters, 2. signal-to-noise ratio (SNR) > 10 which is shown by photometric quality flag of "AAA" in all three filters.
The position of 80 stars are shown by RA (2000) and DEC (2000) shown in Table 2 of Kane et al. (1995) .
It is to be noted that we will designate all field stars by its serial number used in Kane et al. (1995) 's paper and this numbering has been shown in column number two of Table 1 . The photometric magnitude of each field stars has been searched via CDS's VizieR service, using 2 arcmin search radii as query. The J, H
and K S magnitudes of 80 stars are available in the catalogue. We also checked the SIMBAD astronomical database to search for any variable star out of 80 field stars, but we could not find any variable star. We found that only 60 stars satisfy the above criteria and our analysis is restricted to these stars only. Further we could not find the uncertainties of magnitudes of six stars in the 2MASS catalogue which are star number 4, 20, 27, 50, 51 and 74. So we discarded them from our analysis. Thus total number of stars considered for our
RESULTS
Spectral types and A V
We used the technique developed by Maheswar et al. (2010) to infer spectral type, and hence absolute magnitude and intrinsic colors of normal main sequence stars and giants from NIR photometry. This method gives distances to globules that are relatively close ( 500 pc) with a precision of ∼ 20%. In this technique, the fields containing the cores are divided into small sub-fields to avoid complications created by the wrong classifications of giants into dwarfs. Actually the increase in the extinction caused by a cloud should occur almost at the same distance in all the fields, if the whole cloud were located at the same distance, the wrongly classified stars in the sub-fields would show high extinction not at the same but at random distances (Maheswar et al. (2010) ). But for small and isolated clouds, it would be difficult to divide the field containing the cloud into sub-fields with a sufficient number of stars projected on to them. Therefore the distance measurement is somehow hard for CB4 cloud as it is a small, nearly spherical and isolated Bok globule.
It would be difficult to subdivide the field with only limited number of stars. So we consider a single field surrounding the core of the CB4 cloud.
In this technique, stars with (J − K S ) ≤ 0.75 were selected from the fields containing the cloud to eliminate M-type stars from the analysis. Then a set of dereddened colors (J − H) o and (H − K S ) o has been produced for each star from their observed colors (J − H) and (H − K S ) using trial values of A V and a normal interstellar extinction law (i.e., total-to-selective extinction value, R V = 3.1) in the equations (Rieke & Lebofsky (1985) ):
The maximum extinction that could be computed using this method is limited to A V ≈ 4 mag. The trial values of A V is chosen in the range 0 − 10 mag with a step size of 0.01 mag. The calculated set of dereddened color indices are then compared with the intrinsic color indices (J − H) in and (H − K S ) in of normal main sequence stars and giants, produced using the procedures discussed in Maheswar et al. (2010) .
The best fit values of the dereddened colors to the intrinsic colors giving a minimum value of χ 2 then give the corresponding spectral type and A V for the star. The solutions which give χ 2 min ≤ 0.1 is considered for this analysis.
The uncertainty in A V is given by σ(A V ) = 4.7 2 .σ 2 JH + 7.9 2 .σ 2 HKS + 2 × 37 × cov(JH, HK S )
where
KS and cov(JH, HK S ) = r s × σ JH σ HKS . The Spearman rankorder correlation coefficient (r s ) is calculated from uncertainties in (J − H) and (H − K S ) colors which shows a strong correlation between them. The maximum uncertainty in the A V in our case is estimated to be 0.5 mag.
We found that 14 stars have (J − K S ) > 0.75, so we also discarded them from our analysis. We used have χ 2 min ≤ 0.1 for which it is possible to infer the spectral type and the A V . The results are shown in Table-1. In Maheswar et al. (2010) 's technique, the field stars in the globule are assumed to be normal main sequence stars and therefore the luminosity class V has been assigned to all stars. However the presence of non main sequence stars may result wrong distance to stars. The intrinsic color and luminosity may be reliable if the spectral type is correctly determined and happens to be main sequence. For this we need to plot (B − V ) vs (V − R) color -color diagram. The photometric data (BV R) of the field stars of CB4 has been taken from the VizieR database of astronomical catalogues, namely, UCAC4 (Zacharias et al. (2012)) and NOMAD (Zacharias et al. (2005) ). The B, V, R data of star with serial number 79 is not available in the catalogue. In Fig. 1 , color -color diagram along with error bars for 19 field stars of CB4 has been plotted. It can be seen from the graph that most of the field stars are clustered together along a diagonal locus. These diagonally clustered stars in the colour -colour diagram represent the main-sequence stars, while the scattered ones (Star # 32, 66 and 76) represent non-main-sequence stars. So we discarded three stars from our analysis. To calculate r s , we plotted uncertainties in (J − H) and (H − K S ) colors for 16 stars which is shown in Fig.2 . The value is found to be 0.95. The results obtained from this technique are shown in Table- 2. Diagonally clustered points represent stars that are in the main sequence. The stars that do not belong to the main sequence are represented by their serial numbers as mentioned in Table 1 .
Polarization efficiency
The study of the variation of background star polarization with extinction (A V ) and polarization efficiency observational upper limit of p/A v is found to be ∼ 3% mag −1 , a factor of four less than the predicted value for the ideal scenario.
In this work, we will study the polarization efficiency of background field stars of CB4 cloud to investigate the alignment of non spherical dust grains. It is to be noted that we designated all field stars by its serial number used in Kane et al. (1995) 's paper and this numbering has been shown in column number two of Table 2 Polarization (p), extinction (A V ), polarization efficiency (p/A V ) and distance (in parsec) of 16 background stars in CB4 cloud. The second column refers to the star number which corresponds to star number depicted in Table 2 of Kane et al. (1995) . 3a, we plotted A V versus p for all the field stars in the cloud CB4. The solid line in the figure represents optimum alignment in the general interstellar medium according to Serkowski et al. (1975) : p max /A V = 3 percent mag −1 , where R V = 3.1. It can be seen that only four stars located outside the limit and majority of stars lie below the solid line which suggests that the characteristics of material composing CB4 cloud is consistent with those of material found in the diffuse interstellar medium (ISM).
In V , where α = −0.56 ± 0.36, −0.59 ± 0.51 and −0.52 ± 0.49 for Bok globules CB56, CB60 and CB69, respectively. It is to be noted that the study of polarization efficiency at optical region can give us information about the grain alignment in outer layers of the cloud. The alignment of grains by radiative torque has been used by researchers to calculate the expected relationship between polarization efficiency and extinction through a homogeneous cloud (Dolginov & Mytrophanov (1976) ; Draine & Weingartner (1996) ; Draine & Weingartner (1997) ; Lazarian & Hoang, (2007); Whittet et al. (2008); Hoang & Lazarian (2014) ).
Estimation of distance
The photometric distance d to a star is estimated using equation: Table 2 ).
where K S , M KS and A KS are apparent magnitude, absolute magnitude and extinction, respectively. The distance to the cloud is typically estimated from the first star that shows a sharp peak in extinction in an A V vs. d plot. It is to be noted that A KS = 0.112 × A V .
The uncertainty in distance is estimated using the expression (Maheswar et al. (2010) ),
where σ KS is the uncertainty in K S band, σ MK S is the uncertainty in the estimation of the absolute magnitude and σ AK S is the uncertainty in the A KS estimated by the method. The uncertainty in the σ MK S is assumed to be 0.4 while calculating σ d in the distances for all the stars. The typical errors in our distance estimates for the field stars in CB4 cloud are ∼ 19%.
The extinction (A V ) versus distance (d) plot has been extensively used by several investigators (Dickman & Clemens (1983) ; Kenyon et al. (1994) ; Peterson & Clemens (1998) determination using JHK near-infrared photometry is slightly smaller than the distance derived by Dickman & Clemens (1983) . However, the present analysis is restricted to a limited number of data points.
SUMMARY
1. The polarization efficiency of CB4 cloud is studied which shows a decrease in polarization efficiency with an increase in extinction along the observed line of sight. This finding is consistent with the results obtained for other clouds in past.
2. The method for determining distances to Bok globules using the near-infrared photometric technique has been described. The plot of A V versus d has been made and the distance at which A V shows a sudden rise of extinction is taken as the distance to the cloud. From the study of the distribution of reddening, we estimated the distance of (459 ± 85) parsec to the CB4 cloud.
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